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Solve 
QCD

From QCD to Nuclei

3Lattice QCD
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USQCD Program in 

Structure, Spectrum and 
Interactions of Hadrons

• Closely aligned with NP experimental projects
• JLab and RHIC - Spectrum and Structure 

• FRIB (under construction) - Interactions

• Closely tied to NSAC Milestones
• HP 3, 9,10,15 
• FI 15

•Anticipate ~5 Pflop-yrs integrated resources 2013-2018

http://science.energy.gov/~/media/np/nsac/pdf/docs/perfmeasevalfinal.pdf
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Relevant NSAC Milestones and 
their Status as of 2008/2009

Spectrum

Structure

Interactions

Spectrum
Fundamental 
Symmetries

(2008)
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Cold Nuclear Physics

∆t ∼ 6× 10−24 s
L ∼ 4 fm

The Quantum Vacuum

(Massimo DiPierro)

Topological Charge Density

capability
resources

capacity
resources

capacity
resources
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Present Cold Nuclear 
Physics Program

Topological Charge Density

Anisotropic clover Isotropic clover
Isotropic clover,
domain-wall,
overlap,
Staggered
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Structure

• gA and other q2=0 matrix elements
• <xn> 
• charge and magnetic radii, etc
• associated form factors Precision is needed

(complete uncertainty quantification)

First LQCD calculations at 
physical pion mass during 2012
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LHPC LHPC

isovector magnetic moment

isovector charge radius

Green et al, arXiv:1404.4029
Monday, May 12, 2014

http://arXiv.org/abs/arXiv:1404.4029
http://arXiv.org/abs/arXiv:1404.4029


Spectrum

• Spectrum of mesons and baryons 
• exotics, molecules
• coupled channels, etc
• provided motivation for 12 GeV upgrade

Lattice QCD will predict the exotic spectrum before 
or during the GlueX experiment 

(with sufficient compute resources)

ρ- resonance successfully determined
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Dudek et al, Phys.Rev. D88 (2013) 094505 

Dudek et al, Phys.Rev. D87 (2013) 3, 034505 
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• Coupled channels increase for lighter pion mass
• Sources for multi-hadron appear crucial
• S-matrix elements ? - In progress
• Widths of states
• Number of measurements - USQCD hardware
• Contraction automation

Spectrum
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Briceno, Phys.Rev. D89 (2014) 074507, 
Phys.Rev. D88 (2013) 114507 
Phys.Rev. D87 (2013) 9, 094507
Hansen and Sharpe, arXiv:1311.4848
Phys.Rev. D86 (2012) 016007
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Refining Nuclear Forces and 
Multi-Nucleon Interactions:

Enhanced Predictive Capabilities

QCD to constrain coefficients
i) Verification and/or better experiment (?)
ii) Inaccessible to experiment, e.g. nnn, nnnn 

iii) Number of coefficients for required level of precision
iii) and/or direct calculation of desired quantity 11
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 Hadronic Interactions

Extensive study of s-shell nuclei and hypernuclei, and 
baryon-baryon interactions at SU(3) symmetric point

Beane et al, Phys.Rev. D87 (2013) 3, 034506, Phys.Rev. C88 (2013) 2, 024003  

Barnea et al, arXiv:1311.4966
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 Hadronic Interactions
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Fundamental Interactions 

LANL experiment

• LQCD calcs at pion mass of 220 MeV
• Looking toward 140 MeV
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PNDME collab
Bhattacharya et al, Phys.Rev. D89 (2014) 9, Phys.Rev. D85 (2012) 054512  
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Fundamental Interactions 
Dark Matter ?

Junnarkar and Walker-Loud, Phys.Rev. D87 (2013) 11, 114510

Beane et al, Phys.Rev. D89 (2014) 074505 
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USQCD Proposed Production
2014-2019

Assumed current funding levels throughout period - NP 50% partner16
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Summary

• Good year for USQCD cold NP program 
• Spectrum    -  refined exotic spectrum at mπ ~400 MeV
• Structure     -  <r2>  at mπ ~140 MeV, src-sink separation systematics
• Interactions - s-shell nuclei and hypernuclei at mπ ~430 MeV
• Fundamental Symmetries - improved constraints on gS and gT

• Next few years will be transformational for the field
• peta-scale computational  resources  
• compute resources less than expected - delaying physics delivery

• Physical pion mass - nucleon structure only - exploring systematics 

• Anticipated computational resources no longer following Moore’s Law = problem.
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THE END
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